Objective: The aim of this study was to review the results of dynamic pituitary testing in patients presenting with fatigue. Methods: We reviewed clinical histories and insulin tolerance test (ITT) results of 59 patients who presented with fatigue and other symptoms of glucocorticoid insufficiency over a 4-year period. All patients referred for ITT had an early-morning cortisol level of ,400 nM and a low or normal ACTH level. Results: Peak cortisol and GH responses following insulin-induced hypoglycaemia were normal in only seven patients (12%). Median age of the remaining 52 patients was 47 years (range, 17-67 years); all but five were female. Common presenting symptoms were neuroglycopaenia (n ¼ 47), depression (n ¼ 37), arthralgia and myalgia (n ¼ 28), weight gain (n ¼ 25), weight loss (n ¼ 9), postural dizziness (n ¼ 15) and headaches (n ¼ 13). Other medical history included autoimmune disease (n ¼ 20; particularly Hashimoto's thyroiditis, Graves' disease and coeliac disease), postpartum (n ¼ 8) and gastrointestinal (n ¼ 2) haemorrhage and hyperprolactinaemia (n ¼ 13). 31 subjects had peak cortisol levels of , 500 nM (suggestive of ACTH deficiency; 18 of whom had levels , 400 nM) and a further six had indeterminate results (500 -550 nM). The remaining 15 subjects had normal cortisol responses (median 654 nM; range, 553-1062 nM) but had low GH levels following hypoglycaemic stimulation (5.9 mU/l; 3-11.6 mU/l). Conclusion: Our results suggest that patients presenting with fatigue and symptoms suggestive of hypocortisolism should be considered for screening for secondary adrenal insufficiency, particularly in the presence of autoimmune disease or a history of postpartum or gastrointestinal haemorrhage. Whether physiological glucocorticoid replacement improves symptoms in this patient group is yet to be established.
Introduction
Fatigue is a common symptom and diagnostic challenge in endocrine practice. Although accompanying symptoms often lead to the diagnosis of an endocrine condition, such as hypothyroidism, hypercalcaemia, diabetes or, rarely, primary adrenal failure, many patients undergo extensive investigation without identification of an obvious cause.
Secondary adrenal insufficiency is considered a rare and infrequent cause of fatigue, with an estimated prevalence of 150 -280 per million (1) . It is most commonly observed during or after chronic administration of exogenous glucocorticoids and in patients with hypothalamic-pituitary tumours, often in association with other pituitary hormone deficits (1) . Presenting symptoms are variable and non-specific and include fatigue, reduced strength, myalgia, arthralgia, weight loss, anorexia, postural dizziness and neuroglycopaenia (1, 2) . The diagnosis is suspected by finding a low morning cortisol in the absence of adrenocorticotropic hormone (ACTH) elevation and is confirmed by the demonstration of suboptimal cortisol levels following dynamic testing.
In the absence of glucocorticoid treatment and organic pituitary or hypothalamic disease, ACTH deficiency, particularly isolated ACTH deficiency, is a rare condition of uncertain aetiology, with mostly small case series and case reports described (3 -8) . An autoimmune origin has been postulated, due to its frequent coexistence with other autoimmune diseases, particularly primary hypothyroidism secondary to chronic lymphocytic thyroiditis (1, 9) . Among 102 Polish patients with secondary adrenal insufficiency of unknown aetiology, 25 reported associated autoimmune disorders: 23 exhibited evidence of thyroid autoimmunity, 14 had overt hypothyroidism, three had subclinical hypothyroidism and three had treated Graves' disease (2) . Other autoimmune diseases included type 1 diabetes, vitiligo, pernicious anaemia, autoimmune thrombocytopaenia and premature ovarian failure (2) . Consistent with a probable autoimmune origin, ACTH deficiency is the most common endocrine abnormality reported in patients with autoimmune lymphocytic hypophysitis, present in up to 65% of cases (9 -11) . Lymphocytic hypophysitis classically, but not exclusively, affects females during late pregnancy or in the postpartum period (12) and is accompanied by hyperprolactinaemia in up to onethird of cases (10, 13) . ACTH deficiency has also been described in patients with Langerhans cell histiocytosis, usually in the context of multiple pituitary hormone deficits, especially diabetes insipidus (14) , and in rare cases of xanthomatous hypophysitis (15) . Rare mutations in genes involved in corticotroph development or the synthesis or cleavage of pro-opiomelanocortin have been described in cases of early-onset isolated ACTH deficiency (1, 16, 17) .
Various dynamic tests have been used to assess the integrity of the hypothalamic-pituitary-adrenal (HPA) axis, including low-dose (1 mg) and standard-dose (250 mg) corticotrophin tests, glucagon and metyrapone tests and the insulin-tolerance test (ITT; or insulin hypoglycaemia test) (1, 2, 18 -20) . Although the ITT is generally considered to be the 'gold standard' test of HPA function, it has been suggested that results should be interpreted with caution and in the clinical context in which the patient presents (1, 21, 22) . The peak cortisol level used to delineate an 'adequate' from an 'inadequate' response is variable, with values of 500 -600 nM used throughout the literature (19, 20, 22 -24) . Some of this variability may be due to immunoassay-related differences (25) . Furthermore, there is considerable intra-subject variability in peak cortisol responses to insulin-induced hypoglycaemia, with inter-test differences of . 140 nM reported in some studies (21) .
The aim of this report was to review the clinical histories and results of ITTs in patients presenting to an endocrine practice with fatigue and other symptoms of pituitary insufficiency over a 4-year period.
Subjects and methods

Subjects
We present a retrospective report of 59 fatigued patients who were evaluated between 2000 and 2004 (three patients presented through the general endocrinology outpatients clinic at St Vincent's Hospital, a teaching hospital in inner Sydney, Australia, and 56 patients through private general endocrinology consulting rooms at St Vincent's Clinic). One author (K S) consults for 2 days/week, the other (J R G) consults for 1/2 day each week. Fatigue was defined as lack of energy or stamina and/or reduced vitality (1) . Adrenergic symptoms of hypoglycaemia were defined as episodic diaphoresis or tremulousness, especially between meals or when meals were missed. Neuroglycopaenic symptoms were defined as episodic poor concentration, word-finding difficulties and cognitive dysfunction. In fatigued patients who also reported symptoms suggestive of hypocortisolism, early-morning cortisol and ACTH levels were measured. As previous reports suggest that early-morning cortisol levels of at least 300 -500 nM can be used to predict an adequate response following insulin-induced hypoglycaemia (1, 26 -28) , it was our practice that patients with early-morning cortisol levels of , 400 nM and low-or normal-range ACTH levels (, 12 pM) underwent an ITT. In addition, all patients with suboptimal ITT results underwent T1-and T2-weighted magnetic resonance scanning of the pituitary gland. The review was approved by the Research and Ethics Committee at St Vincent's Hospital.
ITT protocol
ITTs commenced between 0800 and 0900 h following an overnight fast. Patients remained supine throughout the test. A standardized protocol was followed: 0.1 IU/kg of human regular insulin (Actrapid w , Novo Nordisk, Denmark) was given intravenously to induce symptomatic hypoglycaemia (blood glucose, , 2.2 mM). Additional insulin boluses were given if required. Intravenous glucose was administered following severe hypoglycaemia. Glucose, cortisol, ACTH and growth hormone (GH) levels were measured at 0, 15, 30, 60, 90 and 120 min. As reviewed recently (1), a peak cortisol level of , 500 nM was considered suggestive of adrenal insufficiency, with values of . 550 nM indicative of a normal HPA axis. Values of 500 -550 nM were considered indeterminate, with adrenal insufficiency not excluded (1) . A peak GH level of . 13 mU/l (5 mg/l) was interpreted as a normal response (29 -31) . No serious adverse effects were experienced during the procedure.
Analytical methods
Blood glucose was measured immediately by the glucose oxidase method (model 2300 STAT PLUS 230V; Yellow Springs Instruments, Yellow Springs, OH, USA). Thyroidfunction tests (reference ranges (RRs): free thyroxine, 10-21 pM; thyroid-stimulating hormone, 0.3-4 mIU/l), prolactin (RR, 50-370 mIU/l), follicule-stimulating hormone (RRs, premenopausal females, 1.6-33 IU/l; postmenopausal females, .16IU/l; males, 0.9-8.1IU/l) and luteinizing hormone (RRs, premenopausal females, 2.5-130 IU/l; postmenopausal females, .15 IU/l; males, 1.5-14 IU/l) were determined by a microparticle enzyme immunoassay (AxSYM system; Abbott Laboratories, Abbott Park, IL, USA). Cortisol (RR, 200-600 nM), ACTH (RR, ,12 pM), GH and dehydroepiandrosterone sulphate (DHEAS; RRs, premenopausal females, 2.2-9.1 mM; postmenopausal females, 0.3-1.7 mM; males, 5.3-9 mM) were assayed by chemiluminescent enzyme immunoassays (Diagnostic Products Corporation, Los Angeles, CA, USA); insulin-like growth factor (IGF)-I (RR, 0.4-1.6 U/ml) by a double-antibody RIA (Bioclone IGF-1 RIA kit; Bioclone Australia Pty, Sydney, Australia) and a-subunit (RRs, males and premenopausal females, 0.05-0.4 IU/l; postmenopausal females, 0.37-1.15 IU/l) by a two-site immunoradiometric assay (free a-glycoprotein subunit IRMA kit; Bioclone Australia Pty, Sydney, Australia). Thyroid antimicrosomal antibodies were measured by a semi-quantitative microtitre particle agglutination test (Fujirebio, Tokyo, Japan).
Statistical methods
Data are presented as medians (range) and were analysed using Statview 5 (SAS Institute, Cary, NC, USA). Simple regression analysis and analysis of variance were used to analyse normally distributed variables. Skewed data were analysed using nonparametric statistical methods. P , 0.05 was considered significant.
Results
Of the 59 patients who underwent an ITT, only seven had normal cortisol and GH responses to insulininduced hypoglycaemia (median peak cortisol levels during ITT, 689 nM; range, 571 -980 nM; median GH levels during ITT, 39.2 mU/l; 13.8-49 mU/l). Data on the remaining 52 patients are presented below.
Presenting symptoms
Median age was 47 years (17-67 years); all but five patients were female. Patients' presenting symptoms, concomitant diseases, medications and other relevant historical details are provided in Table 1 . By definition, all patients reported fatigue. Symptoms of neuroglycopaenia (episodic poor concentration, word-finding difficulties and cognitive dysfunction) were present in the majority of patients (n ¼ 47). A history of depression was common (n ¼ 37); 11 of these patients had received or were receiving antidepressant therapy. Arthralgia and myalgia were reported by 28 patients. Weight gain was present in 25 patients; weight loss was less frequent (n ¼ 9). 15 patients reported postural dizziness. Headaches or migraines were reported by 13 patients.
Associated diseases
Autoimmune diseases were common (all women) and included Hashimoto's thyroiditis (n ¼ 11), Graves' Table 1) .
Eight patients had a history of significant postpartum haemorrhage and two reported significant previous gastrointestinal haemorrhage, occurring up to 39 years prior to diagnosis (Table 1) . Both patients with gastrointestinal haemorrhage had been transfused (requiring 4 and 8 units of blood). Patient 36, an earthquake survivor, had received a blood transfusion of 5 units 28 years previously. In two other patients, symptoms had begun after the birth of a child, but there was no history of intra-or postpartum haemorrhage. Another patient had a cardiac arrest 1 month postpartum and a prolonged cardiac illness requiring intensive care support.
Pituitary imaging
Pituitary imaging by magnetic resonance imaging (MRI) revealed coincident microadenomas (n ¼ 6), loss of the upper concavity of the pituitary (on the lateral image; n ¼ 10), empty sella (n ¼ 6), pituitary-stalk thickening (n ¼ 2) and haemorrhage (n ¼ 1; Table 1 ).
Pituitary function and other endocrine tests
Pituitary function tests at initial evaluation are presented in Table 2 . Median early-morning cortisol level of all 52 subjects was 283 (30 -389) nM. Thirteen patients had modest hyperprolactinaemia (two treated) and two of five males were diagnosed with hypogonadotrophic hypogonadism. Anti-microsomal antibodies were positive in 15 of the 36 patients in whom they were measured. Low levels of DHEAS, an adrenal precursor of steroid biosynthesis, were common.
ITT results
ITT results are presented in Table 3 . 31 subjects had peak cortisol levels of , 500 nM (18 of whom had levels , 400 nM) and six had values of 500 -550 nM, with or without impaired GH responses. The remaining 15 subjects had normal cortisol responses (median 654 nM; range, 553 -1062 nM), but had subnormal GH levels following hypoglycaemic stimulation (median 5.9 mU/l; 3-11.6 mU/l).
Baseline morning cortisol levels at the time of the ITT allowed prediction of peak cortisol levels following hypoglycaemia (r ¼ 0.44, P ¼ 0.001). In contrast, there was no significant relationship between morning ACTH values and peak cortisol levels, nor between IGF-I and peak GH levels (data not shown).
Patients with (n ¼ 37) and without (n ¼ 15) a history of depression had similar peak cortisol responses following hypoglycaemia (463 nM (range 139 -1062 nM) versus 480 nM (177-924 nM) respectively; P ¼ 0.96). Among those with a history of depression, patients treated with antidepressants (n ¼ 11) tended to have lower stimulated peak cortisol levels than untreated patients, although the difference was not statistically significant (435 nM (150 -614 nM) versus 524 nM (139-1062 nM) respectively; P ¼ 0.09).
There was no difference between subjects with and without depression in peak stimulated GH responses (P ¼ 0.25). Among patients with depression, treatment with antidepressants had no effect on peak GH levels (P ¼ 0.18). 
Patient number
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Discussion
This study reviewed the results of dynamic pituitary testing in 59 patients who presented with fatigue and other symptoms suggestive of HPA deficiency, in whom morning cortisol levels were , 400 nM and ACTH levels were normal or low. 31 patients were found to have suboptimal peak cortisol responses to insulin-induced hypoglycaemia and six had indeterminate results. Although these findings suggest that some patients presenting with such symptoms should be considered for screening for secondary adrenal insufficiency, particularly in the presence of autoimmune disease or a history of postpartum or gastrointestinal haemorrhage, the results should be considered in the context of limitations relating to the interpretation of ITT results. First, intra-subject, intertest variability in peak cortisol responses of . 20% has been reported in some studies and patients with nondiagnostic results may therefore require repeat testing (21) . Second, variability between cortisol immunoassays may limit the validity of interpreting ITT results based on cortisol cut-offs established in other laboratories, particularly in the absence of a local control group (25) . Although our study was uncontrolled, stimulated cortisol levels in the seven patients categorized as having normal ITT results (689 nM; range, 571-980 nM) and the 15 patients with normal stimulated cortisol levels (654 nM; 553-1062 nM) but suboptimal GH responses were comparable to levels reported previously in healthy subjects (18) . Despite these limitations, a significant number of patients in the current series clearly demonstrated suboptimal cortisol responses to hypoglycaemia. Autoimmune diseases were common, suggesting that ACTH deficiency may be of autoimmune origin in some cases. Indeed, seven of 31 patients (23%) with suboptimal stimulated cortisol levels had a prior diagnosis of autoimmune hypothyroidism and two had Graves' disease. This observation is consistent with a recent Japanese review of the literature, which reported that 24% of cases of isolated ACTH deficiency were associated with hypothyroidism, most commonly Hashimoto's thyroiditis (6) . Similarly, thyroid autoimmunity, with or without subclinical or overt hypothyroidism, was found in , 25% of Polish patients with secondary adrenal insufficiency of uncertain aetiology (2) . As cortisol is a physiological regulator of thyrotrophin secretion (1), resolution of biochemical hypothyroidism following adequate glucocorticoid therapy has been reported (32 -34) and thyroid function should therefore be reassessed after adequate glucocorticoid replacement.
Two patients in the current series had developed symptoms in the postpartum period and 13 had associated moderate hyperprolactinaemia. Although these observations raise the possibility of autoimmune lymphocytic hypophysitis, circulating anti-pituitary antibodies were not measured (as a reliable assay was not locally available) and histological confirmation was not within the scope of this study. Furthermore, three patients in our series had concomitant coeliac disease, which has been associated with the development of lymphocytic hypophysitis (35) . Of note, two of these patients were receiving treatment with inhaled corticosteroids, which have been reported, albeit uncommonly in adult patients (36) , to suppress the HPA axis. Whether their use contributed to the patients' symptoms and suboptimal stimulated cortisol responses is speculative. Finally, seven patients gave a history of premature menopause, raising the possibility of primary ovarian failure of autoimmune origin, which has been reported previously in ACTH deficiency (2).
Our results suggest that HPA function should also be evaluated carefully in fatigued patients with a history of significant blood loss, even if the event predated the onset of symptoms by many decades. In our series, eight patients reported postpartum haemorrhage 15 -39 years prior to the onset of symptoms of hormonal deficiency; two had a history of massive gastrointestinal haemorrhage requiring transfusion and another, an earthquake survivor, also required transfusion. Two of these patients (patients 2 and 17) and four others were reported as having an empty sella on MRI. Acute hypopituitarism in the context of obstetric haemorrhage, as described initially by Sheehan in 1937 (37) , refers to ischaemic pituitary infarction occurring as an immediate response to an obstetric haemodynamic insult. Two recent Japanese reports collectively described a total of seven cases of complete or partial hypopituitarism (with an empty sella on MRI) 3-48 years after massive obstetric blood loss (38, 39) . Our observations indicate that a significantly fatigued patient with a history of postpartum haemorrhage, significant gastrointestinal blood loss or shock requiring transfusion or intensive-care support should be carefully evaluated for underlying pituitary deficiency, irrespective of when the haemorrhage occurred relative to presentation.
Studies of the HPA axis in depression have yielded conflicting and inconsistent results (40) . It has been postulated that melancholic depression is associated with activation of hypothalamic corticotrophin-releasing hormone (CRH) secretion (41, 42) , basal hypercortisolism, intact negative feedback and a blunted ACTH response to ovine CRH (43) . Early studies demonstrated that some patients with severe major depression had impaired cortisol responses to hypoglycaemia, which improved on recovery (44, 45) . These results contrast with our findings and a previous study of ambulatory depressed patients (46) , which found that cortisol responses to hypoglycaemia were similar in subjects with and without a history of depression. Taken together, these studies suggest that the degree of HPA impairment in depressed patients may depend on the severity of the depressive illness and whether patients are studied during the active phase of their disease or followingremission.
The ITT is considered to be the test of choice for diagnosing GH deficiency (30, 47, 48) . However, the peak GH level that most appropriately and accurately differentiates a 'normal' GH response from adult GH deficiency is subject to inter-assay and intra-subject variability (48 -50) . A stimulated GH level of , 5 mg/l (, 13 mU/l) following insulin-induced hypoglycaemia has been reported to accurately differentiate subjects with organic GH deficiency from age-, gender-and body-mass-index matched controls (29) . Indeed, this cut-off has been shown to have a sensitivity of 95% and a specificity of 92% for the diagnosis of adult GH deficiency (48) . The Growth Hormone Research Society defined severe GH deficiency as a stimulated GH level of , 3 mg/l (, 8 mU/l) (30) . In the current study, 43 patients had stimulated GH levels of , 13 mU/l, 36 of whom had levels of , 8 mU/l. However, only three of these patients had IGF-I levels lower than the RR (, 0.4 U/ml). The finding of a suboptimal peak GH level following hypoglycaemia in the absence of a low or borderline IGF-I level should be interpreted with caution, particularly in the absence of multiple pituitary hormone deficits and/or structural pituitary disease (30, 49) . Furthermore, a low stimulated GH level in a glucocorticoid-deficient patient is of questionable diagnostic significance and requires re-evaluation following stable hormone replacement (30) . Finally, obesity, which suppresses GH release (47, 48) , may have contributed to these findings in some patients.
In summary, this case series suggests that the diagnosis of secondary adrenal failure should be entertained in patients presenting with fatigue, adrenergic hypoglycaemia, neuroglycopaenia and a change in mood or weight, especially when accompanied by autoimmune disease or a history of postpartum or gastrointestinal haemorrhage. Whether steroid replacement improves symptoms in this patient group is yet to be determined. The significance, if any, of a suboptimal GH response to hypoglycaemia, in the absence of structural hypothalamic-pituitary disease and multiple pituitary hormone deficits, remains unknown.
